CpG-containing oligodeoxynucleotides act through TLR9 to enhance the NK cell cytokine response to antibody-coated tumor cells.
Bacterial DNA contains a high frequency of unmethylated CpG motifs that stimulate immune cells via TLR9. NK cells express a low-affinity activating receptor for the Fc portion of IgG (FcgammaRIIIa), but were not thought to express TLR9 protein. The direct response of NK cells to CpG oligodeoxynucleotides (ODN) in the presence of FcR stimulation was investigated. Human NK cells cultured in the presence of CpG ODN plus immobilized IgG or Ab-coated tumor cells secreted large amounts of IFN-gamma (>2000 pg/ml), whereas cells stimulated with Ab alone, CpG ODN alone, or Ab and control ODN produced negligible amounts. Enhanced secretion of IL-8, macrophage-derived chemokine, and MIP-1alpha was also observed after costimulation. NK cell cytokine production was not the result of interactions with APCs or their cytokine products. Flow cytometric analysis revealed that 36 +/- 3.5% of human NK cells expressed basal levels of TLR9. TLR9 expression in human NK cells was confirmed by immunoblot analysis. Only TLR9-expressing NK cells responded to CpG ODN and Ab, because cytokine production was not observed in NK cells from TLR9-deficient mice. Mice receiving CpG ODN and HER2/neu-positive tumor cells treated with an anti-HER2 Ab exhibited enhanced systemic levels of IFN-gamma compared with mice receiving either agent alone. TLR9-/- animals reconstituted with TLR9+/+ NK cells secreted IFN-gamma in response to CpG ODN and Ab-coated tumor cells. These findings indicate that CpG ODN can directly enhance the NK cell cytokine response to Ab-coated targets via activation of TLR9.